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ti » &*tii*MbafcAmfifeA- B ^ O D ^ ( A + C) A- ( B + D) 

• 41. tfc 4® 4a 44 4jI «J H > # 4£ $t 4SI # 4b H # *fr A • 'J£> M 
fcb 4fc tfl fife A>& tfl fife ( A + C) 4a 44 £ - tfl fife' ( A + C) A HI fife B4a 
44 £ ? tfl fife CA tfl. fife ( B + D) 4a 44 £ * a .A tfl, fife ( B + D) A 
tfl. fife D4a 44 M: ' & &*friii3L*t'iBtf!i£tflfife" - t ^ • W * 

* 4a isj 4a 44 £ #j £p 4fr £ tfl. fife 4a ft « * t& ft, 4a 44 H • - 
fcb *£ H ' 4£ & fcb *fc jtb t a& ^ 4£ ib a # $.J - # ft t* £ tfl. fife - 

4^. 4^ 15 • I? ~s\ S) 

StAJf-W^-g- ■ Method and Circuit for Generating the Tracking Error 

Signal Using Differential Phase Detection) 



A tracking error generating circuit in 
differential phase detection comprises a quadrant 
photodector to receive a photo signal and generate 
spectral signals A, B, C, and D, which the signals 
A and C are mixed to be a signal (A+C) by an adder 
and the signals B and D are mixed to be a signal 
(B+D) by another adder. A plurality of equalizers 
receive the signals A, B, C, D, (A+C), and (B+D) 
and equally amplify the signals. A plurality of 
phase detectors receive the outputs from the 
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^SL^mm^r ■ Method and Circuit for Generating the Tracking Error 

Signal Using Differential Phase Detection) 

plurality of equalizers and individually compare 
phase differences between the signals A and (A+C), 
(A + C) and B, C and (B+D), and (B+D) and D; then, 
each outputs a modulated signal to pass through a 
circuit used to deal with the modulated signals 
and finally these output modulated signals are 
mixed to pass through a low-pass filter to 
generate a tracking error signal. In the circuit, 
it even comprises a plurality of comparators 
connected the plurality of equalizers with the 
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(#M44;i : Method and Circuit for Generating the Tracking Error 
Signal Using Differential Phase Detection) 

plurality of phase detectors to transfer the 
signals to be digital signals. In addition, the 
above signals A, B, and (A+C) pass the same route 
to input the phase detector and the signals C, D, 
and (B+D) pass the same route to input the phase 
detector. 
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1 0 O^l © _t ^ - *l it ' & & »'] ^ 1 0 6 ( 

quadrant photodetector) # $'J tfl t A> tfl fit B * tfl. Sfc O 

m % d • & t * ' 4- #i m # ^ ■% ft & t fi .is. * € aft /t * a 

10 1 1 0 C I/V amplifier) 4a fa £k A it tfL St ( A + C) 
A m St ( B + D) • tfL St ( A + C) & i& % H 1 12 ( Equal izer 
) ' # A A tfL Sfe ^ > Fit M 5& - tb *t It 1 1 6J» t« ( A + C 
) # ^ *t ^ tfL St ° isj m #i • tfL St ( B + D) & i& # -fb 3§ 11 
fcb ft SS 1 1 8# ^ j& *t <t tfL St ° 
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* & t* ^ *I 1 0 2JE ^ ^ ^ IA, it . m St ( A + C) & tfl 
fife ( B + D) ^ ffi $ & # 4a to £ • SlitbJfr&is;£>£&*J33 

A £ #j m st A - -stl St B <• m" St ca & m St D4l m ¥j 4s to «t * € 
lb ' li f ^ 4 s t • j5tTaff*Bif*fHii^^§^ 
^ jE #i it to jfc _L • #J . £ ;fe to 4ft SW 8 1 2 0 ( Phase 

Detector, PD) & •& f 'J -L it 4l tfl St ( A + C) & tfl St ( B + D) 
& ' * 4* »J J'J t t ( A + C) % - 4a to 41 & m.St ' m A £. 
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^ if Seong-Yun Jeong, Jung-Bae Ki m&. J i n - Y o n g 
Kim^SPIE Vo. 3 1 09#r # 4*. "Analysis of DPD Signal 
Offest Caused by Optical Asymmetry"' fcft ft« 

H: tfi °r t *i 3- a 5$, it # A m » ?p ^ ^ * ^ >*j n £ . £ # 




i * MfltW (3) 
tfl ft a T 7«J ^ ^ ^ ^ : 

A = acos(^-0^) 
B = bcos(tfrf-O fi ) 

C = ccos(^-O c ) 

D = dcos(du/-0 D ) 
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Tracking Error = Phase(A + C) - Phase(B 
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lb n & ft fa M. ± & tg- • W *» . <£ E9 # & *J 31 _L m «; A 
ft 'J" • H'J ♦ 34/fcm*A + C#;N4fc££.|aLA#ft4b • *» dfc - 
* - B Mb 1ft fife A * tf] efc ft «p & #J /& 4a fa &] ft 4b ' ah M 
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Differential Phase Detect) M ft /£ &j ft #i «■ J: J. ^ € 
• ffl a jt JK. # tt, -L m ^ ^ P-1 M ° tb ' * # « i i f ' 

i m h ffl a 4- * & m it /& ^ 4a ^ ft 4b ■ it an A ')? ft * 
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) m & fa Ml - « ^ tfl ft ( B + D) a tfl ft D#j *g to J: »' & ^ 

jw*frar-«tt*i* ' * * * - * **• *■ « 4t tfi ft it A « A 
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n ° & *t • ffitRftw & & ' # ^ ffl # ft # - ffl 
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m ft m Ctfi ft « ^ /fc ( A + C )^ # m ft ' a a ^ Bm ft & Dm 
ft a ^ j& ( B + D )4l # m ft • # ^ ' # « # m ft it & 5. *£ tt 
1® 4s to 4* >*] H ' it & *fc 4i 4s to >M H >£ H *t ^ ft- 96. 
m ft A pi- jg&. m ft • $ & ' 4 a 4£ *t 4® fh ^ j& m ft a & # 

- *h m ft it 4£ & i® P£ «fc m ft « Ht # - PI- m ft • ft a 
$ Bfr & & & ft M. £ & to M. ° & ik ' flt- * tt ** m ft 

* t£ PS- m ft a^#it^ib##it££mft° * & - « t I 
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^ & ±- ' * ^ >f# 6t 4i *fc « € ss- ^ ^ ' * m ft 4b 
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4SLtfL$L & % 0 & «. ft A 'J- £ -fb ffii £ £ 4a m ^ 4a to ^ 4b • & 

#4t-*JtlftA«r4fc#4 ' * & tt to' R 4ft # • * at ft. S « #t 

t& £ € s& * 4& 4ft 4 £ # -fc ^ **. ^- -b # 4a to 54 it ' j& 4a to 

& Ifl ft #j M % ° @ itb #fc B £ 4% * " £ & 4a to #t #J 4/t #i ^ J: 

€ S8- ^ 4& ' ft * * * * 4a m 4a to £ # m ft 4a s. ft ft « 4& 

to £ ^ • ife fl& a& ^ # 

^ 1$ ifl fit 4a to £ ok /fc & 4* #i .fi ^ # ' if ^ « 4fc 'A # #i 
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> [ «fe 2T & 1 

^ # m ¥j *t * «fe #'J 4 *¥■ *s jsr 5dt ■ T - ° & An ' T 

J. # #j IS, ffl ^ ^ it # * #'J ^ %- ' ft & ^ 4l f& #j 4'J 
ft HI & * ° 

& & *R *L — & 1? W & - 4* £ 4a to 48t m fa « £ 
I i f ^ . & ^ — & A ftj i§ ' ffl a 4£ - & ^ ifl ft & 

' £ £ # ft ifl fit A - B * 051 D ' t #j ifl ft k&. ifl fit C# *b a 
-*o*S^"*-'^tR.fit ( A + C) ' ffij m fit BA Ifl fit DI'J a 3 
- fa » S * A ' «. * ( B + D) o*«t«*-fbS»«a 4^ 
^ Ifl fit A > B^ O D> ( A + C) - ( B + D) • jtf ftAX'tH 
fit. ° 41 ^ -fill 4a to {* %»J H ' 4^ k 4i it ^ffl # -fb H ^ ft A • it ffl 

^ »J tb «t m fit A^ Ifl fit ( A + C) ft 4a to jt - Ifl ft ( A + C) 
A ifl fit B^j 4a to £ - m !fe C^ ta ft ( B + D) 4a to it ^ a A 
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tfi ft ( B + D ) A tfi tD iMj 4a 4£ £ ' m & & *J 
( #|J ^ _ ^ gf ^ tfi t^-^afttfit) • € ^ ■ ffl a m m % 
tfi ft sfe e 4 a ( * ^ * « ft tfi ft 4s x # ft ) a * 4a to jt • 
4& ii2&&S3#fct*tS5 ' ffl « i& it ^tbt.t4Jl^)^t tfi ft 

. it ffa # dj « #i * it tfi ft • * t ' n & ^ *i $k 4® tb & m 

&&&H&to*4tn & *l *t 4@ 4s to .<* »J 33 4i N] ' « a » tfi 
ft#^^,^*ttomft • J- _L lit ^ tfi ftA * tfi ftB & n tfi ft ( 
A + C ) & 5& 1f f 4a # s& 5. 4a to Ik ®\ fi ' fa tfi ftC > 
m ftD n *f tfi ft ( b + d ) «ifi"1Ttf*BStt.***'*&^£- ^ 9 ^ 4* 

#J 3§ ° 

& T '*. k *■ * B 3 It £ *9 lp # In t& ^ • ft * % i » 

' £- 4& & ^ # B £ ^ Jl t& 4a to *8t »J # #i t£ J: tfi ft A i. m. 
7F *> 0 0 1T ' *»#-***610/tf# ' a & * * * « * * eg 
a- * A am n ft M. £- z-h " B - C AD 4® tfi ft • & * ' * ^ w 
620 JW a « - * 4b S3 * * ~ * 4b S3 * * X * 4b S3 • % 
* 4b S3 * 9 i * 4b S3 * * A * 4b 13 • M ffl « 4£ ra * 
A *>J H ft A £ ft tfi ftA * tfi ftB - tfi ftC - tfi ftD &. & % n- & 
A Z-n tfi ft. (A + C ) A (B + D) --ttT* • ■ ^**6 3 0 
. a - 4a 4i 4^ II ' 4£ ^ * * - % 4b S3 A « i # 4b S3 Ifr A 
#j tfi ftA A n tfi ft ( A + C ) ' it ffl a bb |& tfi ftA A ^ tfi ft ( 
A + C ) #j 4a 4i ^ > its - *1- J9fL tfi ft ( UP Clock ) & — 

m mSt (Down Clock) : " H- a 3 - 4a 4i 4^ M S3 ' # >fc * 
« 5. * 4b S3 A % — % 4b S3 ft m * ^ # tfi ft ( A + C ) A tfi ft 
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) & tfl ft B ' it tb a tfl ft ( A + C) -a. tfl ft B#j 4a 44 £ » ' *fr 
tts - ff a# «t tfi ft A - PI- afc. tfl ft - a $ jl 4a 44 4£ **l H ' # 
.&*#^#4bgA#A#4biS4ftib#tR.ftC<&**tflft; ( B + D 
) > it tb 4ft tfi ft CSl tfl ft ( B + D) ¥j 4a 44 £ • # 4ft ifc - 

j& tfl ft -SL - P£ b£ j& tfl ft : a # © 4a 44 4£ ftj 
* * 4b 'S A ® # 4b R 4ft lfe tfl ft ( B + D) A tfl ft D • it 

tb 4ft tfl ft ( B + D) a tfl ft D#j 4a 44 it • 4ft A - ft «&■ tfl. ft 
A - Pf- a* «&. tfl ft • & ' 4fc # 6 4 Oflr 7F > a - t * A 
Jl 41 & 4® 4H & #J ft a$ «k tfl ft & SMIL #J ft flfc tfl ft ' a $ P£ 
& & Ml ss- m J. £ 4a 44 it » Pp ^ ^ - 4a 44 4* *J if #i ^ — 4a 
4& 4£ mil H m 4ft £ #J *h ^ Sfc ^ ft 4a ^° & ' ^ * ^ ^ i,J ^ ^ * 
tf*|-i$j&tfift&-2r* ^ 4a 44 4it *J H $k % ■ eg 4a 44 4* H # 
^Bf^mtitetbfet.' a # $<I - fMfl ft ( UP Signal) 

• & Ql ' & & 4® i& 4a tb 4& ft- m ft 4ft ^ 5- $ - 46. it 
ft & II ' « * ^ « ' T *f # - 4a 44 4£ *l H & 

^ ^ 4a 44 4A fcl H m 4ft ib #j pi- ifo tfi ft 4a ^ & > * m # f«J 

^ A I* B* j* tfl ft * * * * X *| 44 4* m H * » 4a 44 4£ 
»J f§ #j PI- ^ tfi ft it ft tb 4ft $l ' a # n - PI- tfl ft ( DOWN 
Signal) • B • $F * 4S 4a ^ ^ 6^ 1^ tfl ft ^ 5. ^ — 46. it 

?t ^ n ° lb ^ ' ^ ^ - 46. it ?t afe. n ^ % — ^ it al jSl ss «i it 

A 4a fa '& • A £ - * 4*. « It tfl ft • * t Jt 4^ ffl 41 * t 4HJ tb 
fell • ffl a j» * 4b II #T its ^ tfl ft # ^ /£ «t 44 tfl ft ^ ' # it 

ft # T i ^ 4 S ^ ' ■&-sr-£*&/&4fc*fc1*ittfl.ft4L&. ' * 

it ft it 44 4b • 
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*o _L m OL ' % & *° % 6 3 0^- J» J» m, St. A - tfL ft 

m n tfL ft (A + C) # *S. i& - & * f *a * & ft & ^ 5. - to 

4a to ^ m H ' ift tfL ft C > tfL ft m n tfL St ( B + D ) ft'] #. & s& 

^ ^ & f I ^6<j*jL5l-^r/vS-.^ — to 48 4a to ^ »j n • @ itb 

tfL St A - tfL St B# n tfL ft ( A + C) t & #T >£ £ 4a to Ji 

# «. itb 4a ft ' ffii tfL ft O tfL St ^ tfL ft ( B + D) t * *fc ^ • 
m £ 4. #j 4a to £ # it ®L Jt 4a ft * £ • * afr J. £ & & _h 

# 4a to J. **■ 4a to lit »J H m J. £ #j *r tfL ft & tfL ft ^ W # 4a 
fa + ^ 4 @ |g] . ® ,fb - # a 3 # « - t ^ & ■ JWF ft - to 4a to 

»J 3 t * ft 4a to # »J II #r JL £ *h «i ft A i^- tfi ft ft #J it fl- 
it 4ft & Jl ( fr] 4a ?m ) ' *» ^ 3$ 6 4 0#t il ° t ' i 

# <y§ ^ 44 «. &p £ -fit & M ft ft it tfL ft ^ i& ^ f 4a $ to & 
ft #r ^ M. 4i tt 4i 4a to 4* fcl II ' it ^ 4a to {ft m B & & & ti A 
r-1 ^ _L - € s& it ft 4a to ^ 4 a ' # & * * * 4a ft 4a to £ 
tfi tfL ft 4a & a $ 4a to £ > & ft 51 «" *a 
to. M. ft & & M & ~° t f& ' -fc. Jfc 4* £ * * # * ^a 46. ^' * $ 
^ 4a to ^ ' ITr 1® % n- *° in A m. it #• ta ft # it #■ PI- 
^ tfL ft ' *» ^ it it it ^ /If- Sfc tfL ft ^ 4a 5. ^ ffl ' *P 

9 ^ m %> % W % - M 4k ^ W % ft- t> SI ' % t 
^, ft t| m 5 0 2it i& $L m 5 0 4# t| ^ ^ 5 0 0^ © -h ^ tIo 

# tfL ft • w ^ it & *J H 50 6 ( quadrant ph o t od e t e c t o r ) 
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i > ®WtLW (11) 

JL # eg 4S £ * >J*'J ( c e 1 1 ) ' ^ #J * & *J J!& A - & %*J 

B * : M ft JSL & *J l& D° ^ 5fc & *'J it 5 0 6_L #J & >S'J & 4£ 

i& it -A >*J & m. m 5 0 4# *. #j & * m ft & ' ^ #J *fr tfl. St A * 

tfi ft b ^ tfi ft c - tfi ft d ° x • tfi ft A!* m ft c& - % * it - 
4i *r ^ A * tfi ft ( A + O a a tfi ft B* tfi ft * - % 

4a fa & J& tfi ft ( B + D) • 

« it * M * ^ SI ' * T * m ft A - m ft B - tfi ft c - m 

ft * tt ft ( A + C) * tfi ft ( B + D) - *J & * ft. ^ 
4i j& # 4b l§ 508 ( Equalizer) > ffl a # 4b A tfi ft it >t 

# * # # w. ' ^ -fit ffl tb $t f§ 51 on* in ft # ft 44 tfi ft • ^> 

«t * «. ' & * a* & & n 5 o 6#t # n to m tb tfi ft ' i& 

fcb *t H 510^ ' *»• # ^ tU A % ft 44 tfi ft • 

^I^I^TF^f^^tt ' £ t # 1ft ft ( A + C) -> 
n tfi ft ( B + D) *T H * & t* £ ( Focus Error, FE) & ffl • 

# * ' ^ 4ft. 4± * #J t ' tfi ft A - tfi ft m n tfi ft ( A + C) 

m. i& * f 4a # Ml ^ » fa tfi ft C- tfi ft # tfi ft ( B + D) 

m. is ^ f 4a I s ] Ml «fc » '0 Jt* * Ml flr J. £ #J 4a 44 41 & & 

4a 44 & m % ' tfi ft A * tfi ft Ba ^ # tfi ft ( A + C) $L itb A 

m t^ 4a IS] ' fa tfi ft C > tfi ft D^ A m- tfi ft ( B + D) 4fc itb ffl 4l 

A « 4a I s ] • ■ «t * tt. ' * I* t t ' * «9 3- * * *l 3 

5 0 6_L # & *] J& AH & *] Jife B# $'J &J tfi ft A * tfi ft B • a A * 

A M -J!fe A* A *l Jfe C^ A # M ^ # tfi ft ( A + C) • tt*tf 
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i - ®Wfl*ft (12) 

4a $ ft & 51- # it 4S to <K «fl it 5 1 2 ( Phase Detector, PD 

) & fa \k n ft 514' ffi a ife ;ff tfi ft 4a -fit tb $t ° * ^ *i 
^ffl,ft4&3i&Srff*i$ L #>*fc.*&- ' / s frJatflft+@&&.sS-#T&:4fc 
#j 4a # ^ »j& $ 4s Jsj c # * m ft -A * tfi ft B& # Ifl * ( A 
+ C) M 5& & ft & £. #1 ft to £ ' ^ * £ A & A (D 1 • fln W 

m * c v m ft Da ( b + d) 4s to 

£ ' J» * 5t A & A <D 2 • 4R. ft a _L m i£ - &\ to & n 
iU #J tb 4& 4S -fit a T ?'J 41 5^ *. ^ : . 

4i -fit # ft| H 512=Phase(A)-Phase(A+C)+A O 1 

4s 4fc'« >FjJ 8 514=Phase(B)-Phase( A+C)+A <D 1 

4a -fit m It 516 = Phase(C)-Phase(B + D)+A <D 2 

4a -fit 4* ®\ n 518=Phase(D)-Phase(B+D)+A O 2 

* & »} 4a to <A m li A i. *£r £ m * *£• si * Si 5 2 0 

HI fcb «t H 5 2 2i& & -4 a & At # i'J ffi #i * £ ' 

i T ^ ^ ^ : 

TE ( Tracking Error) = [ P h a s e ( A ) - P h a s e ( A + C ) + 

AO 1 ]-[Phase(B)-Phase(A+C)+A O 1] + [Phase(C)- 
Phase(B + D)+A O 2] - [ Phase ( D ) -Phase ( B + D ) +A <D 2 ] 

m. Jk M & ' * t #j A <D i#* A O 2^: & * ♦ *L $ * ' ^1 
Phase( A + C)|Si Phase(B + D ft $ & « ft- ft. • itb 2r 41 ^ 

ft ffi & : 

TE=[Phase(A)-Phase(B)]+[Phase(C)-Phase(D)] 
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JL - ZtWiSLW (13) 

#t is. >ft ffi #j ^ a & °r * A ' s & Ml j& ft * # 4a hl Ml 

A d> 1# A O 2£p S. 4a fa : M T ° -r^IA^t^^li^i 
& & £ a * * "*b jsl m m fife # 4a iSL $k >x> - M & & 

m jk k 4a aL g. & m m o 

*t |£ t f $ 0 I ^ ^ ^ t ^ ^ ' 

m « & * a «i it A * *i w m fife a - b > c - m§ sl a * ' #i « = 

£ tfl ft ° # i& # 4& t& £ € * ' ® %b£r&$&'irM-$Lte iSL 

if & & 4a to 4J! & ^ 4b ' ft s£ 4fc £ ^ 4a 4fc # .>*] H #j,4a 
i4 j& # 0 $ fa ' ^ # B ^ W ^ * * & ^ #r 34 /fc #} 4a fa M. ' 

*•] m & % 4a ^ & - f : *. f a # pfc - s itt ^ ^ # * 4. 

£.&3£X#jft4iL£. ' I *b t Atl f^i& # *fc ft 46 # m & /fc 46 

ft «• « * # * A « "(I 4 » t*'£ ft 4* **■ 0 

% ft ' * ^ ^ # a ^ ^ 46 ^ ^ ^ 1fl ! ^ ^ ^ ' ° ^ * ^ 

ffl ( A + C) JBl ( B + D) ^ # tH ft ° S Jt ^ # a £ ^ "t ^ t ' 

R %r it M. k ( A + C) 8l ( B + D) ^ # Ifl ft ' it * % # PB. 

^ -fit ffl # ^ **. a 3. tit ffl £ -fit ^ >aJ II ' -t M 

g # pa ^ -fit ffl ^ * € ^ ^ * ^ ft ^ «k m fife * ^ B ^ »6. ta ft -3l 

-tt. • * * a ^ ^ « * ft ^ ^ **. * ^ 4a «t £ (5. ^ 

ft # it fJ ^ is tuttii^^^ffl^ *^ ^ ^ a ^ 11 ^ 

- # ^. ss- ^ # 4a # ^ ^a -fs. J: ) ' i» ^ # W «fc 4a ^4 ^ n 4a -fit 

^ »J n ^ ft 1& tfl. ^ ^ PI- ^ aft. tfi ft ' a - t 31- IWF ft 4a ^ 
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i * %WiSLW (14) 

<A »J H 4l ff- a^- m.Sfc & ft & & $ # B ^ »&■ tfl. Sfe #r # 

& 51- ?! # 4a ^ £ ) ' & ft * *f ^ ft 4a to # fcl ii ^ ^ flfe 

m % it *t >4 « (fe # *h a ^ ^ tfi. & ft A % s& 51 # 4a to 

£ ) > a ^ fig & i> >M fifr * £ £ & j& t # 4a to £ «. T a • 

a ji #t idt « * # a 3 4l *t ^ 1T w *n e, ' M. # m a p& 
^ # ^ t Jf. *i] |E ffi ; /l * -S *. JK ^ & # a £ m # *f 

# # T m * & ^ * **. A ft A # •■MrAfc^-frTifc*-** 

* *l ft ffl « • 
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% ^ m m «. ?& W % - B t tfi fife #j 4a 4£ £ 4b ; 

3p=.H'ffl.aiK.^S^ra^*,A j*I . 3i tfl. fife A 'J x 2Mb ffii 
4£ if : 

^ E3 ® i 7F - f *a ^. i jL tfl t i *J 60 # $1 « J: tfl. fife M. 

£_ % & & ffl ; 

$ i is ffl a fii 7F # a £ ^ >£- ^ 8ft. SB : u 

% k m m « « # «e *t & .* w ° 
i.#*P#^-ft4t# fife : 

1 00 

1 0 2 & * If Jfc 

\oa m. m 

10 6 E9 ^ & & »j it 
1 0 8 .at A n 

11 o at A IS 
112 # 4b H 
1 1 4 $ 4b H 
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ii6 it & n 

118 tb & ti 
1 2 0 4a to ^ *J H 
1 2 2 fa i£ ft ft H 
12 4 fa it ft ft 11 
12 6 tb & H 
5 0 0 & ^ 
5 0 2 & * 1* ^ ^ 
5 0 4 ft m 
5 0 6 E3 ^ & & J*J 
5 08 # 4b ti 
510 *t A n 
512 4a' -fit 4£ fcl H 
5 14 4a -fit <ft £'J H 
516 4a 4& 4£ >K-J H 
518 4a Ol ik m H 
5 2 0 4& it ft ft H 
5 2 2 tb *t SS 



1 . - & £ t& # fa & m ft %i Pk M- m st &. £ & * ' & ^ : 

It ^ & tfl St ' #. £ « dJ eg ^ * & *J II 

m££.*- J 8L*t-IB3-'&*R.S; ' it # W « * *t & tfl St # ^ 

& . tfj tfl St > j£ ^ 4§r - # tfl ffe m & ^ ^ ^ ^ - tfl # f- ^ 

a £ & & ^ ft ^ & tfi St -a. & *t i@ pi- ^ sb. tfi st ' % m t& 
^ m St ^ t£ # # m St # & -i- ^ ^§ ^ ^ ^ s ' Jt * t£ 
a «t 4a 4a <fc to m n M. ± i& '%L *t #1 *h tfi St A P£ tfl St 

4 m « 41 *t #1 nf . 86. tfl «t A ** 41 *^ ^ ^ ^ ^ tfl St ' # 

a 4 JI t£ 41. $t m ft JJ& tfl St i-x # - -fr tfl St it 4 S f£ it 

48 Pf- j& tfl St « # - I* tfl St ' H « $ Bk*£***.a&#f££. 
^ & I ; a a 

#fl-4tJfo1*!!:tilSt ' # * tb n tt *h tfl St A tft PI- tfl 
St a # f£ # #i 1* J: tfl M. ° 

2 . *° t ft *'J fe, ® $ .1^ fttiL*-jk1bte4iLfo # *t « £ tfl 
St J. £ ^ • 3r * ' #" 5 Tia&it4fc4tiS^fcfR.St ' ^ & 4i & 

^ & tfl St H i& * # tfi St ^ a *t >«l -ft ' # J. £ t£ it IS 
fh tfl. St #1 « 41. #t <® P£ tfi St - 

3. *»tffr-#-*'JI£ffl£ USHfriltlfe 4a to * »J # #i « £ tfl 
St J. £ * & ' * ^ & sx * * 4fi- fcb 4ft S3 ifc - fcb «L ^ - t£ ^ 
5ttR.Stl^-#-4rtR.St ' * JHF tb *t ^ Sk *. ^ ^ it ^ 4a ^ 
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* * **MMH!£B 

A.-ko f If .# #'J $1 m % \*k fir & £■ fti ft Hl m m #i « J: m 

* J. £ ^ 55" * ' + — i**£fllStfc #> « ^ * 11 & S 

5 . -k° t tf 4 *'J 1 ! M % fir & M: it) fa m &i i% Ml tfL 
ffi. M. ik * & ' ft'-?r « & * * « tfi ft ' a - n w 
t£ s i& & ^ ft- tfi ft a tfi st t #j » * m ft * ' # #r ds 
- 4t & & m ft • 

6 . *» t ^ #'J Ie. SI # 2*1 m 34c ^ £ % to *Bt »J # *>i t& £ tfl 

' * t « *t 44 4b i& *1 t t£ & m ft A " t£ 

^ & m ft 'B* tfc tn ft ( A + O # «ift1Tt**«i*»»-*fr^ 

5. f£ #4: 4® *g -fit 4* >»J ii ' ft t ^ ^ m t C ^ t£ ^ & tTL ft 

« # m ft ( b + d) #. t i§ t f # ^ t ^ ^ a i. & it m 
fa <{& m n ° 

7 :-kp t tf 4 M li ffl * 131 #r i& £ ffy fa >1>J # #i t£ £ tfl 

ft J. £ ^ 2f >fc • 4fc « - 3ft^«^*-W* S fli *1 *t ^ fh ^ flfe 

m ft a m 4f - *h tfL ft - it a ** * € s& 4 a tt «L it « * a* 

»&. m ft i-x ^ # - i^- in. ft • 

8 . t tt $- *'] ie, III $ l J f! #t 4l £ % & fa to m *i «■ ^ tfl 
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St £ £ ^ • # & & t£ fh tfl St n M $'J £-fS*ftfl.StJk* 

He pf- tfi St Jl fj 3 - « # tfi St ' # ^ i& tb a # *h tfi St * ts 
pi- m st & 4f ** ft ^ £ *a st ° 

9 . - & £ *& 4i to *Bt »J ii^llif ^ ' & ^ : 

- E? ^ & *l H ' # a tfl St & • M. £. 

& tfl. St A > B > O ' W A D • £ t t£ ^ & tfl St AA t£ & tfl 3& C 
3 *b a - ^ H ^ ;& - # tfl St ( A + C) > ffn tft ^ & tfl St BA 

St DH'J u^-*i*ll^^.-«f«LSt ( b + d) ; 

4£ it 4® *{bg ' « it 4ffl$Mb84£«lfc.tfctfl,StA-B* 
( A + C) Bl ( B + D) • j£ ffl # 4b 3i A t£ tfl. St : 

4£ #1 #1 4a to ^ >*<J ft ' 4£ ^ « 4£ it 48 # 4b H #j It £ ' it 
m a ^ #J tb « ^ * tfl St AA i£ # tfi St ( A + C) # 4i to £ * 
IS *f tfl St ( A + C) A t* * tfl St B#j 4§ ^ Ml - tt & tfl St C 
A i£ tfl St ( B + D) #j 4s to J: a & it n tfl St ( B + D) &. %%. 
$t tfl St D#j 4s to J: ' ii & M & & #1 it 1® m ^ tfl St : 

- 4 ji t > & m n 4! *t ^ 4b to # *i n ft & & n it 

« « tt tfi st it tb & A a ' # « # *I - tfi St & - ^ tfi St 

41 it #1 48, it 3t & £ ' ffl ^ at P& t£ ff- tfl St 1^ t£ P#- tfl _L 
#j itj ^ tfi St ; a A 

- tb 4ft IS ' ft « tb £t ^ # t* ff- tfl St & tt If- tfl St « # « 

- # lii i% Ml tfl St ° 
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10. *« t B * 9^ ^ it ^ £ *@ to *fe ^ #i t& £ £ 
*I it i® to ik jRI H ffl > fflaj»fllSt**&&$it4&.mSt o 

1 1 . *» 1» if 4M4 |£ B £ 9^ #r ^ ^ ^ * a ^ ^ m %i t% £ & 
&. € ss- - ^ t iil^ t ^ t m t A> is ^ it, m St BH tft *¥■ m 
St ( A + C) j^i&lflt^a^^Mi^^H^^-®^^^ *i 11 ' ^ 

a* * m « c - tt * tR. * " * **■ m * c B + D) * * * f 

4g f 6<] t ^ t A 5. ^@ ^4 4* *J II ° 

1 2 . *» t n 4- #'J le. SI % 9JH m it ^ & % to «t *] 4$ M- M. 

ifj^ , £ t. -h it ^ «t ^ ^ ^ # tl & it %t 1® ft %k 

m St A «L it 4® p$- a£ tint ° 



13. *»t*##'Jlaffl* 9jM m it ^ J: t& to *fe ai 4it $i & M. M. 
% & ' t _t it ^ *t 4® « £ tfl St ^ tb #t 2r ^ #, a. J. '> 

- & * H * ft ' « $ ^ * * sg- m J. £ ft to £ • 

14. - m £ % to *fc j*J t t ^ i 1 i f ^ ' & ^ : 

^ I - f >lb I > ffl a & ill — eg it & »j n m *t - 

it m st A • it # 4b A. A i« tfi ; 

^ it tfl St B ' it # 4b afc A t* IK. St : 

- ^ iL # 4t H ' !8aftifc«B^*&»]?S^A4^"" 
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& tfl fit C ' it ^ 4b & A t£ tfl ft • 

- ^ E3 * 4b n ' fflja4fe«&t£E3a-* & »j n m £ ^ # - 

& tfl ft D ' M. 4b ^ A i& tfl ft ; 

- % 3. *4 4b H ' 4f t£ ^ & tfl «t A 
Att^*tflflfcW^j&tt-*ftfl«; ( A + C) »• Jfc # 4b afc A tt 

«f tfi at ; 

- Jp^.^-fbg # « ^ it tfL ft 
Bit t* * tfl ft Dm ^ £ iMj - * tfl ft ( B + D) • ifc # 4b.A * 

t£ # tfi at ; 

• - # - -4a 44 \k m n ' # « £■ - * 4b If. A .f* * i # 4b 
H #r ^ iil « ^ & tfl ft t£ *¥■ tfl ft ( A + C) > M tb t t ^ 
* tfl ft AA tt/* tfl ft ( A + C) <ft 4a 44 ML ' ifefl&«frlb-^i*«. 
tfl ft - PI- ^ tfl ft : 

- # ^ 4a 44 4^ *i n ' 4£ "« % i # ^ n >a « $ ~ * 4b 

H m dJ ft # tfl ft ( A + C) A t* ^ tfl ft B • it tb t* # 
tfl ft ( A + C) a «S ^ & tfl ft B#j 4a 44 J: ' a*fl&*frih--fl-B*»6. 
tfi ft A - Ff- ^ tfi ft .; 

- $ j= 4a 44 4it m S3 ' « 4b 8A"tt**# 4b 
H m $r iU #J ** 3* & tfl ft CS. i* # tfl ft ( B + D) ' ' it fcb & « # 
& tfl ft C8L tft * tfl ft ( B + D) #j 4a 44 it > it fln Hi itj - ^ Bk 

tfl ft >S. - F£ 8^ JJ& tfl ft ; 

- eg 4a 44 £ *| H ' *i|fcttlp3**MbSAtt*is4Mt 
iS'mifrlti«itt«ftfl ft ( B + D) A tt 3- * tfl ft D ' it tb #i « n 
tfl ft ( B + D) JSL t* # * tfl ft D# 4a 44 J: • ifc *n *fr d=5 - *h a* »fc 
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tfl ft A - Pfr af «&. tfl. ft ; 

-^a tsg. - # m tt n $t m 4a is. 4* m~ n ' m * 4l « 

*t #1 *h f$ j& tfl ft & 41 *t P£ 96- tfi St # #J it 4r tb «t ' 
|| « # f «J - fh tfl ft ^ - Pf-.tfi St - tt fh tfl St # * tt % - 4a 
m H * tt $ -=- 4e 4sl Ak m S ^ #r * fh »i tfi ft 4a & • 

X 41 -fit <* *l II * * * ® # # <* * » W ft" B* flfc tfl 

ft 4a Tfa & m # ' tt tfl ft # * tt ^ - 4a -fit ^ *J it M tt % — 

4a to % »J fi m #r £ #j Pf- tfl ft 4a ^ & • 4a 

^ £ m n & tt ' * 4a to ^ «>J p # P£ b£ j& tfi ft 4a ^ & # ; 

- % - ii sft -ft H ' ffl « 4£ tt *h tfi ft ■ ; 

- $ — to it ft ft H ' ffl « 4£ tt PS- tfl ft ; a A 

- tb #5. ii ' ffl « tb lie 4 S 1^ I - t it ft ft H # tt ^ — 

ii ft ft ii # £ ' it*n>££--^#i^£ tfi ft - 

15.*° t tt * *'J le. ffi ^ 1 4^1 m i& 4l ^ % 4a 'to 4& *J # #t ^ £ 

a 4 € Sfc- ' It eL ^ : 

- 9 - tb H - ffl a * tt * ■- * <ft 8.*fr i «. « #* * 
& tt to tfi ft ; 

- $ ~ bb & 81 ' ffi a ^ tt £ — ■ # /fb H $fr itl 4l tfl ft # 4& 
& *t to tfi ft ; 

- =. tb &c H ' ffla*tt*x#4b»4friB4L«lftll* 
/& *t ^ tfi ft ; 

- « eg tb 4ft fi ' ffia#tt*w*4b-»lfr!lS*.w*W* 
^ it tfi ft ; 
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- % i bb *fc H ' ffl a W f£ £ i 4b n * tfl St # & 

& *t to tfl. St : & 

- $ A bb & S3 ' ffl a ^ $ ^ f g t tB ^ Ifl t # t 

& at to tft st ' 

1 6 . t If * *'J le. IS # I 4*% Pft & £ ft} ft 4*. »j # #i » £ 

& £ 1 as- ' t -L idt ^ t£ ^ & ift St A - t£ ^ ta St 1£ # 

m St ( A + C) & i& * f 4a # fid Mi as- & ^ j. tg * - 4a to ^ 
*J % JBl1& % ~ 4*. 4& m tt ° 

1 7 . ^ f #i jg, ffi % 1 4*1 m i£ £ % 4a to *8t *I # #i « £ 

J. £ € as- £-t-h*fc^t£^;fclflStO iS^*mifeDU«^ 
ift St ( B + D) & & * f 4a * fid Mi as- $r ^ $ =. 4a to ^ *l 

1 8 . *» t If #■! le. E # 1 4^ m ig. £ % 4a to *8t »'] # #i .« £ 
£ £ € as- • &t-ti£^t££*£*ftSt.A* 1£ ^ & 1ft St Bl& 1£ # 

m St ( A + c) m M fid Mi as- £ £ 4a ft fid 4a to m £ f£ ^ 0 ■ 

1 9 . *o t If # *'J le, ffl ^ Itm fir & £ ft 43- »'] # #i « £ 
£ £ € as- • £. t _t- 54t ^ t£ y > & 1ft St C * t ^ £ ft ^ # 
ift St ( B + D) #t & ift fid Mi as- JL £ 4a ra &d fa to « J: f£ ^ ° 

2 0 . *o t ft * #>J & m % 1 4* m at ^ £ *fr 4a to ttt »J Itft^t 
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4& ffl - 
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9 2/29 I 




£ 4/29 I 




% 3/29 I 




£ 6/29 I 




* 6/29 1 




% 7/29 S 
I* 




9 7/29 I 




$ 8/29 1 




% 9/29 I 



g 9/29 1 




# 10/29 1 




# 11/29.1 





t lis *# -S *» : * *»* te«t«J# *it* * tuft* i # * A -t «- 



* 12/29 I 




HP 



M 




% 13/29 1 




* 14/29 1 
(4 





$ 15/29 I 



% 15/29 I 





* 16/29 1 





$ 19/29 1 




# 18/29 I 




# 20/29 1 




f tt 4ft : gtfrtt 4frffr *J4t *M* £ tflife J. ^ ^ 1 




A+C 
B + D 

A+C 
Binary 

B + D 
Binary 

UP 



DDWN 
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fkfrw ^ A A 3tf li /^i 4. 
• A, B, C, DtfLf^ 



JfrA, B, C, D>&J-X€J&^&#KA+C) 
A(B+D)m$fei£e*ttelt^3£ 



4M* * H JUfr A tH« HI tt tuft 



610 



620 



630 



640 



650 



%3. 



